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(54) GAN LIGHT-EMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce an operational 
voltage and a threshold current of a device by 
performing mesa-etching to a confinement region to a 
desired shape, after formation of a confinement region 
containing a layer-like etching region consisting of at 
least one layer as a constituent element. 
SOLUTION: A layer-like etching region, consisting of a 
p-type GaN/AIGa grade layer 8 is interposed between 
p-type AIGaN clad layers 7 and 9. An Al composition of 
a layer-like etching region is graded by gradually 
increasing an Al composition upward from a p-type GaN 
layer in contact with a clad layer 7, so that it attains a 
composition of the clad layer 9 adjacent to an upper 
part. Since etching of AIGaN is faster than that of GaN 
of a lower layer, etching rate lowers gradually from an 
upper part to a lower part, and finally GaN functions as 
an etching stop layer, therefore, mesa stripes 8, 9 having 
a wedge-type foot are formed. An operational voltage 
and a threshold current of the device can be reduced by 
using a layer-like etching region. 
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[MIS] GaNS5SJtStBcD^tt«:*#-rSJa)if5:^ , 9- 

C»j*¥S] G a N^MSifcfe^T, ^ KG a N/ 
A 1 G a NfrB&SSttOXy^V^ffiBfcKW-, Cft 
<k *«{ Wx y f - V ^"ffi^fi^^ii- 3 c £ ic J; 0 , 
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m>nm i ] < t tt«oi©^tn^ i o© 
% g a mf&mua 

it i ib«© g a m&x&w. w 
mmm 3 ] huibjm*©! -y f - ymmmm % *p 

& a«*#-r * c i: *«« -r « w« 2 ie«o g a n 

[0 0 0 1 ] 

B8H©iif StttlWMIF] *%Wt±G a N3MNM*U- 
IfXttG a N^Tt^V*- FfOG a N^^^SK 

£ x y h x >y f - y 3 c t ic«t D M U&fettVQJ&R 
cfcfc J: 9, flSWEETfrofiu*^ 
iKBiSLftG a N^Jf$ii©IM#ttfci|giltttf 

So 

[0002] 

[«©»] «G a N&fSttSRH:, G a N«P§U 
^RMMfcLTMgOaaiqKj^tfiLTW*, *^Xtt?Hi so 

[0003] to 1 oa, s»^w?g^wr§7 , fie- 

hWM * nsm t * S «t 5 , G a N {* U-UtW© 

mtm^x^rs.^~ummt^> c t tfr-et&^fc 40 
ft, SfflW&u-Wtt^f&tiTi/^^o cnttMia 

GaN^^U-tfSBO^tt^CfcoT, *-5 
■y hfi*toffiMi:MI^fc«sa«iWi«)Bi:i5: 

[0 0 0 4] «© I I I -Vtl»lftl/-ffl 

^»i7?y ? t km, ±m 3 y * 1 v mn%m& 
St <fc t> »*f*a*a*x h7-/ thus, m ar b h 

(Burried Hetero) , CDH (Constricted Double Het 
ero), S BR (Selectively Buried Ridge Waveguide) so 



[0 0 0 5] l,frU G a N^ft£to¥*ttW4H:{fc¥ 

4:>WM>Tffliressfc«>, «i 1 i-vftfk^W 

#fc:Ml% s ©i$ffi#\ G a N?^Xf-Afc{i$?s?^& 

<^fci6, G a N^^aWU— *fSBtMIEffl»ji*X h 

[0 0 0 6] F5-fxy^y^STtt, ±ktTAI« 
^y^£ffl^TffM2ftfc^©«±, *-9-<o±ffl 

*l# \ ±®fr 6 * fc £> frfc fiStfE** § * U-SHB 
[0 0 0 7] 

b« mm t <k 3 1 f % ma ±te l fc * 3 tcfie*© 

[0 0 0 8] *aWtt±8BOR3S^i&«?^-r^< ft^tl 
a N ^58Jt«S fc -3 ^ T SiliStt $ * ^ X h 5 -Y 7° 

[0 0 0 9] $P.K/-9-ijniffi©ff^^fjfiJWrSx-yf- 
V^rffi*affl-r« C i: ^ ^ t) , fiesfcKJt^T G a N£ 

l?ffi*Wt-«G a N^lBII±0^1f#)§©j£ft«gi: 
V, s^T?^Stt tffinfcSg^ffJ; 5t« feo-e 

fe§o 

[0 0 10] 

WWfclWlU ^oMI2P^i;ii46^«{tt / >^< l * 
©TfeD, WiagflUjift^Sr^lJ-X'v^y^-r^cfc 

tc «t o mM© p< ^mnm^t s eh u&«>«iw£ j&« l 

[0 0 1 l]tftl<tt, HutaH«©x-y^y^fIiS© 
^k-TSo Sfc, WIM«ox>y^y^«*#|filc-rs 
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[0 0 12] ±«2©J: 5 fc+JSWtt, WJWfcJftSSftfe 

i««x », ^ > vmnmm ■set, st/c * -mp 

£#t-£G a N^?8ttSe«&ffi#*-SC s 
[0 0 13] 

Sfio^fi8*PfflftDiwra. 01 (a) a*anH©ssi 

0Tfe3o 

[0014] |1 (a) fcjjVTG a N5R¥*ftU- J tf« 
Bti, 777-f-VM£l©±KNg!GaN/W77Jl2 
fcjafiUfcft, U-ifSBOiSgB-pfeSNHA 1 G a 
N^7yK!3, NSG aNM^Kl4, undop 20 
e-InGaNgtt!5MftU 9l*tt**OJ:fc:P 
MGa Nftftsf F/f 6 fc> PSAlGaN^7'yF!7 
C©aPB*Ttt^3fEOGaNJRi|HW*U- 

[0 0 15] CCT#J10^gH:»iii«GaNJRttRO 
Xtf^ + ^-V^figStCfflVSMOCVD (Metal Organi 
c Chemical Vapor Deposition ) fS^'jf tl§„ I n 
G a NSttH 5 cfc D fc«MflHI©**^G a Njfctfl' F 
«4,6, SteSW!l?lfi|B*^f <B»f^©/J^^A 1 G 
aN^77h*i3, 7%fflMi:i:iat), ^-OAfP 30 

ft^ffifcfei^T, JSttm«5'\oi8ttfieiio*+ y-vBBi; 
[0016] z zicmtemmmtt^-tzK^-LmM 

[0017] ifwmmmi., mm^v-m^mnm^ 

f a^Xh^-YT^PSA 1 GaN»9yKAl7K» 
ftTSfcij^ MfBA 1 GaN*5y FJl7©±fcPS! 
GaN/A 1 G a N^l/- Fi8*^SSI«OX7f 

S**»ft fc«> A 1 GaN*5y KJi9*J«*Lfc& 

[00 1 8] II (a) K^fflfiiti, ^I<Of«i 
©*^OG a N&¥9ftb— 7©£«#B£*LT^ so 



5o W6^^»JS^fflV^TPiaA lGaNlO© 

[0 0 19] PMG aN/A 1 G a N FS 8 5> 
iSSlttWffVi'm PSSJA 1 G aN^77 F 
H7 hgcOfSt/r&L, ^77 KS7KSj-r«PSG a 
NJi*>B±lRlt{CA 1 $M^^Kt|iJPLT±g[5K|ii^ 
t5^7-yF!9 ©fifiic fc iff 5J:5i«Ox-yf^ 
mm<DA 1 IM©?V- K#tf *ff 5 . 

[0020] mm / fv-vm\t&-fh^Mm.mK'iTo 
a 1 fi^tiin-rs^iWM^ffl^TffMi-^ ^7tcb 

TfcfiK W*.tfGaNfcA 1 G a Nfr&fcSate?^ 
TffifcG aNBfcWf 3 1S©A 1 G aN^COgfityc 

[0 0 2 1 ] Mieift>;©x.y^y^I^fc^T, A 1 
G a NOX-yf-y^tiTSOG a N ± tJillMDT*, 
-F#a£ftfc±3$©A 1 G a Nfr5TBfl©G a NK|p] 

±OX>y^V^±StLTffll<fcJ6, 01 (b) 

[0 0 2 2] 02tt, F^-Yxy^y^fflV^TPSA 
I G aN^77 FJi9(cffM£ftfc, «OG a N3R* 

{fcStfffc, ^XF9^7$B©lMff«[Il2K:* 

GaN/AlGaN^U-KJi8*»»JTt, *7©®r 
35 * ti 6 fc f S S&£ « f# P, tl& V \, 

[0023] 3fcic, Hztw-riat^-y-xh^-Y^o 
^•rsfcfco^oaPBa, warn <» * fc«o«tt- 

Fllf^nftfc^ NS© I n G a NXaG a Nfr5>& 

yf-V^CJ: *)^U-S!*je«UfeG a N3S¥»*U~^f 

[0 0 2 4] Siomii, H2©J:5k:F5i'x«y^ 
StlfcA 1 G a Nil 9©Maffi&Sfc&^ Mxa'« 
ffi7vvt%mi. 0 4:UTNS!GaN*ffl^fc»^, P 
SAlGaN^77Kl9i:NiGa N*)5tt7*D y ^fi 

[0 0 2 5] H2©^iia, P<-9-X-yi>~coiJWSia-t? 



[0 0 2 6] CtttCttbT, i«OX^V«» 
gStbft±T', *x«y hx<yf-vytJ;5^-9-^h5l'y 

tl«\ /^XF^7V)gJ|^^ftfti^T^ W 
f&ttKffintVS ft#>3fifiJ©fcPIB*£-f S Citf&<, 
NSG aNXttNSl nG aNM45«iS7a>y^ 

[0 0 2 7] Sfc, ^i-yH-^vySSffl^Wf, 

[0 0 2 8] «ft!CH3fcw-rJ:3K, MENS I n G 
a NXttG a Nfr£>ftSS#ft7 > n >y ?B 1 0 fcPfA 1 
GaNJ19©±a5K, PUG a NA^^a t> Fl 
1 l^MOCVDffitCtOfigfiU, ?(D±£Ni/Au 
XteP d/A ufr<Bft37/-FH1f 1 2 k, *7r^ 
•VS>E±fclWJgl/TJ&83ttfc G a N Ay 7 rJi 2 co_k 

[0 0 2 9] ±IB«^7-n>y^g%ffl 

^Sffl»&#CDHgl/-"»f©fl8, Wft*1J-S#fiB* 
*\ F7^i7f> ysrcff 6 naft SCO/ t 

tcfeSffl-rSCfcA^tSo £ft|!3«ft*ig*GaN?S 

[0 0 3 0] #Kg|4£S"3t, *?§f«cO?g 2 CO*)!© 
ffm^CO^Tl^-rSo BUfct, #38!l§<DJitt©xy^ 
V^Wfcffl^ftfx-y bxy^-vySffi*, #«a;>< 

*Bfi*w , rH'e**. *7r^lfilO±KM0CV 
D(££JS^TNSGaN/W7r«2£JlMU !lff« 
t*^<0«^©x-y^y^«tLTNlJG aN/A 
1 GaN^U-KJil 5*j£gfS. NfGaN/Al 

g a n yu- fh 1 5 vrnmrnm 1 nmmmm^ 

[0 0 3 1] ^ItMtNSA 1 GaN^5-y HJ13, N 
S G a Nfttf-f" K/i 4 , undope-InGa NStt 
15, PIG a Nt^V KJB 6 , PlAlGaN^77 
FH7, PlGaNny^^Hl l^S45V-f8 

■©^sflfitsrMo c v vmic& OfSfifSo 

[0 0 3 2] afcfcBHfcw-frJJdfc, Mf3G aNl^i 
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flit £ 3. i#/^xh7^7§u<oi'-^^ *+m>q 
xfcj:»)jiaitfefliffi*«si-rsft«), fsiiMfiii 3 

[0 0 3 3] o<0£5ft^XF^7V3ffMfc, 02 

SWft^«*^5tiS <k a fcSfrftSo 
[0 0 3 4] LfrU Si <0^fiS©^fiiCfe^T^b 
ft * 0 XC , F7-fi'yfy^a^ -WPI $ nfcWffi 

•tf'fg7 1 d<OLti/MiaMiA^lKilta'rSo £fc, ccoj; 

ik 1 3 ut t +»ftsaoffliWtt*s8«-r a c t 
tf-e trfti#*. 

[0 0 3 5] K^^x-y^y^C^a^SMItiD^ 

SifsfcB&fBSttis /^xF^7co^s©S)gi^t 
fe^Ti^tfto, sftcogp^KB, ntmmmmm 
zmi*#%ctmMt%z>o ctizmmzmmt 

t, ^■9-xh7-r7°<o»jag|5^{c^ntafti!^tt*, ft 

[0 0 3 6] C<OftA&EI 4 (C^-Ti *fgB^C0il« 
Oxyf-V^W«1?aB*NSG a N/A 1 G a N^V— 

t, 7X>y bx«yf-yyf«cfcKJ:»), ^^©»)SS|5 
fcftft&^ft^^ffMta„ c©ftft&*>ft^tttt, 
^^SiSSP'xoJ: DS*tt©«v^« 1 3 coff^^nj 

so tgfcU «HOffliS14*|Rl±*-&ao Sft7x-ybxy 
^ v ^"ic J; D gffiWS^r^^^^fgM-r a c k K «fc 0 , b 
#t/M('«?ii^AVJ^^ < s Sftism«*^ftG a N^^W* 

[0 0 3 7] ^tcH5tcS'CJt*ieW0^3©*StOfl5 

flSKov^TSiwra. 0 5 tts 1 (Dmmmmt&mm 
cosfta cdh ifmmww^v^y^ 

ftO, itX'y^V^tllV^G a NA'G a N/A 1 G 
a N^V-FJf 1 6©±S|5Kf^P>tXT^ao 
40 [0 0 3 8] ■9-77^-Vg«lcO_htN§!JGaNA-y7 
r«'2^fi)c^b, 3l^«!t*«WONSG a N/A 1 G 
aN^-KB 1 6^6ftSH«OX-yf-y^«*fi8 
ST£o COfc#f 6©«tt, MeNSG 

a N/W77®2fc»M8f Sffl5#T?A 1 ffl^g^Tfe 
0, x^lRlttTA lffi«'>l, JRftfCt^tfeX 
•y V ^JO/MV^G a N fcftS J: 5 {c!3tf2tlTG> 

a 0 

[0 0 3 9] CO^^K^ftSnftNSG a N/A 1 G 
aN^-Fll 6^7xy My ^y^TS c t tc «k 
so 0, H5K^-rJ:5ft, ftO»»«9ii65nftWfffi}B« 
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©, ^^^©N^XF^-l^l 6*, NSGaNM 

77712 fc^i&TJ'HSKfclSfifcft'fS C fcft < 
[0 0 4 0] C<Dk%m*y~l 6<Dtip$fflte{hmc, Ml 
figfit-So c©<£?&[H!fl©&;g>Tit!l©±fc, M¥WX 

©aare*«a&<tbT, MocvDffi^ffl^T^Ji«ii 

G a NSW#WWMtact^t5„ 
[0 0 4 1] tufa CDHSIU— IffCfe^Ttt, tulB^r 
n|?BT?«^$nsffliBi¥*fiJfflUT, PSG a Nny 

??fhi \<o±.icfflfiitmmi 3©, xf^7« 

©MTLfcftbT, B±Jf©7V-F*ll 2fr£>?gtt5 
GaN^77F3, 7RXSG a NftrtV FH4 
%i?9tf S C * < v U— 9%©«*- FffifflSrfi 1 5 C £ 

[0042] mts. v-w&m vtmirz c d hs© 
g a N*iN«*w— irfcfcdrrsfcftfctt, nf®»«^ 

[0 0 4 3] ^te0 6KacJt*SEW<OS4©^ii©}g 

mmmtz, 0 6&s&&&x h^7°§Jb-+ft* 

So c©#Bg&0 3 tjs&i^ }S14/B5g#tfS«f7'p 
<y7B 1 7KJ;DXF7i'7°«fi:pg£*tlfcffJ«t^-D 

[0 0 4 4] -9-7T-Y-VSfi 1 0±(CN§yG a N/Vy7 
rS2*fi8SU ^©±f<:*?^©Ji«©x>y^y?'fti 
fSTSSNSGaN/A 1 GaN^U-HJIl 5 £f£j| 
•f So CCT-NSG a N/A 1 G a N?V- Fl 1 5 
tt, T»©NSGaN/Vy77*fcHrafSN5!GaN 

TV^So 3l#86*N!aA 1 GaNf 7vK«3, und 
ope- I nGaN(£ftJl5, PffiA 1 G a N*5v K 

PSGaNny^FJf l 1 fciftgf 3„ 
[0 0 4 5] *fc#WBPa!GaN3V*d'hJi±fc«{t: 
i^&SXF^^ttWX^f-y^X^IStf.. T 

m\cmncimm<o'HmG a n/a i g a n^v-fh 

MG a NA>y7rJS2KfPjgt-SNSG a Ntfx<yf-y 
^©{flFJIi: UTfK kits mn&NMG a N/A 1 G a 
N FB «0 6 © 1 5{C^"f JcdfC, tetzZmcffi 



[0 0 4 6] ^^©ffiSiCNSA 1 G a N*»6ft*«S(E 

^^§J©]I±g|5^^C?^l#!jfi^f*©±K(-lfi»l l 3 
PSG a Nny^^ Mf©g|5^X h5^7° 
«{cM?LLT, TV-FWEfc&SN i /A uXBPd 
/A u^X^'V^tS. SStNSG a NM'7 7rIJ: 
{CT i /A u fr> V— FlMS&IxttT, ^ft^'fl 
i;7b*7-rSCtfCJ:Q, ffl&jA^XF^^SiGa 

[0 0 4 7] C©<fc5fcLT^fiSSftfcU-1f«ilT? 
tt, NSGaN/A 1 GaNy'WFIl 5©±©Nffi 
A 1 G a N«fft7"P<y*JI 1 7©£*flIiiWt&)[pK:« 

o p e — I n G a Ngffll 5 fc^t^JSIffiifrSftSfflJ 
|gg!5i:fijlB«?5it7P-y^* 1 7 fcO&ffifcft&jWufcS 

[0 0 4 8] ££T\ m*t(OBW<D?H)-*mti£? 5©(C 
iWctOT'tS, MIMttOx -y ^ > ^fWWfDS* 
fi^^«^riSI7Ry'f2l8ic^-ro 07 (a) tc^fcfcd 
Tgl$frP>±#(efttfT^ti:A 1 fifiXA^I/jP'f S G 
a N/A 1 G a Nfr £&©?>- FJf£ffl^T\ ""FStf© 
G a NBfc±g|5A 1 G a NJiftSBHWntf, SU S2 

rps 4 (ommmrnvmrn i k & 5 1 , _ti^ 6 t* 

;W16h*. 0 7 (a) oe«KCOJ:3lcUTJB« 

[0 0 4 9] LfrU A lffl/Sfc^tSEfbLfc^U- 

V\, "FSI5©G a N«t_hg[!©A lx Gai-< N 

JPfcOHfc, ±SKtfc^TA IfiiaO/hS^A l, Ga 
i-v NH (x>y) *lH©^ffXtT, 07 (b) © 

[0 0 5 0] C©fc#08t^'r t t'5{c, jfAtfclS 
©Aly Gai-y N©A lffl$#!±/f©A 1 x G a i-x 
NH (x<y) ©A l$MJ:Dt^t^tf^K«, 08 

T'()l'%:n%£tt>T°%%o 

[0051] sc«i©9X7 \-3-v3-yyvynmz. 

~O^TmmicmW?%o 7x-y hx.yfyy*Oi§itL 
T, NaOH, HF^©?§t«^, HP0 3 K OH 

TWX7^y^§Ct^f'?fti/\ A 1 G aN©£ 
vSAl ^^IlT'^X^^y^M^tCltf^ + 
»ax v f- y ifZtr 5 fcbblz tt, Jfcfco^* <t ^ 

[0 0 5 2] I9IC, *«WOJittOX9^yy««0 
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i8«, GaN,^mmmm^mhrcmmx'h<o, Na 

EG a N^Jf#Bg{^f n5IK©i7f>»^ 
jEx NaOHfSflKl Qtfilt&SJcSfcjiSKSttS. * 

Stt5ft, E^f«ig2 OO&fltlteSSHiSftS. 2 2(iX 
£-9-T*3& "9 , td'-#-©^k:iStf/cri > h n-y 
OHligBaE»*ffll/^TN aOH(§« 1 9 a„ 
[0 0 5 3] G a N^Jff«3s£ffMLfc®&l 8 ©£ 10 
#$3, xy^y$f©jfflW*-e**W#©affitt, 7-y 
^X^T'fSMU «»W&^±5fc<*ftT^3 0 C 

«J*»i«UTX.yf-yj^fiStfiK»Hrt-*o G a N^-f- 

mmt p s©»^te w, x v ? y ymmmiz jtwr 

So LfrU NaoW^ttt, I-yf^Stflft 
feW£<3i:ft&V\, NSGaN^ifteMLTX'yf 20 

[0 0 5 4] xy^-yyoKK:, 

[0055] coffi, Mf2«M{fc^«x-y?-yy©wc 

X'y^y^Vn7 7^;b%^b-rsci;tBlfgT' 30 
&S 0 MA«««Ox>y^>^«!OA IiB*&grtrr 

i?fv y *fT x «\ jp*^fcxy^y y ©ast^s 

g{ fc U C ft fc£ U T X y f - :/ y 7u 7 7 *f ;V« 
[0 0 5 6] NSG a Nfc PSG a Nco<fc-5fc, #«S|J 

©n% %>m<Dtm<D% t , «Mf tfwx -y * y y 
7 o aoi/-^«jgtte^T, mm* psg aNii 1 

4f<X7f>mCi:ft<, ±S3©Ng!GaNS2 40 
WSWKiyf^'U PSGaNIl 1 ^Sffi 

[0057] cott, t, Lmmt^m^mm^^ 

a^COX -y ?• y ^*ff * {J, X -y f - y y#ik©1*aWffl 
JUTS t)> 7> #X -y fJf>*- ;<Jx -y f-OMffi* jB % 
££iFVZb\i\ UfrU *Mft¥WX'yf-y^OtI& 
(c«, PSUG a N©*Sta*t«<NS!G a NlfcJt^T* 
'^{C^tl/^cfe, PMG a NH£x-y^y^©{#iUi2l 

[0058] ftte#»Wtt±£©*ai©»*teH£Sft so 



jM-rs^s 0 , iM©^ft t g*t*©sfb%Hia*^t> 

s c ticJ; 5 , fSo*ffiT?tt»6nav^x«y^y^ 
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